Objective: To compare accuracy and interobserver agreement between radiologists with limited experience in the evaluation of abdominal MRI (non-experts), and radiologists with longer MR reading experience (experts), in reading MRI in patients with suspected appendicitis. Methods: MR imaging was performed in 223 adult patients with suspected appendicitis and read independently by two members of a team of eight MR-inexperienced radiologists, who were trained with 100 MR examinations previous to this study (non-expert reading). Expert reading was performed by two radiologists with a larger abdominal MR experience (>500 examinations) in consensus. A final diagnosis was assigned after three months based on all available information, except MRI findings. We estimated MRI sensitivity and specificity for appendicitis and for all urgent diagnoses separately. Interobserver agreement was evaluated using kappa statistics. Results: Urgent diagnoses were assigned to 147 of 223 patients; 117 had appendicitis. Sensitivity for appendicitis was 0.89 by MR-non-expert radiologists and 0.97 in MR-expert reading (p = 0.01). Specificity was 0.83 for MR-non-experts versus 0.93 for MR-expert reading (p = 0.002). MR-experts and MR-nonexperts agreed on appendicitis in 89% of cases (kappa 0.78). Accuracy in detecting urgent diagnoses was significantly lower in MR-non-experts compared to MR-expert reading: sensitivity 0.84 versus 0.95 (p < 0.001) and specificity 0.71 versus 0.82 (p = 0.03), respectively. Agreement on urgent diagnoses was 83% (kappa 0.63). Conclusion: MR-non-experts have sufficient sensitivity in reading MRI in patients with suspected appendicitis, with good agreement with MR-expert reading, but accuracy of MR-expert reading was higher.
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Introduction
Magnetic resonance imaging (MRI) has been shown to be a useful method for the evaluation of pregnant women with suspected acute appendicitis and is increasingly used as an alternative for computed tomography (CT) in pediatric patients [1] [2] [3] [4] , after negative or equivocal ultrasound results. In these populations MRI has been shown to be accurate, with advantages over CT in the absence of an increased risk of cancer induction due to ionizing radiation or of contrast induced nephropathy [5, 6] . This makes MRI a potentially good alternative for current modalities in patients with suspected appendicitis from the general population, as it is anticipated that this technique will become more clinically available in the emergency setting [7, 8] .
Initial reports on the accuracy in detecting appendicitis in the general population showed promising results, with sensitivity estimates between 85% and 100% at a specificity between 93% and 99% [9] [10] [11] [12] . In these studies MR-experts read the images. To our knowledge only one small study, with 48 MRI examinations, reported on interobserver agreement; the interobserver agreement between an experienced radiologist, a surgeon and a research fellow was moderate and fair [13] .
Patients with acute abdominal conditions, such as acute appendicitis, require prompt and accurate diagnosis and treatment. In daily practice the radiologist on call plays a central role in diagnosing patients with suspected appendicitis, being responsible for the interpretation of imaging. Little is known about the accuracy and reproducibility of MRI if read by MR-non-expert radiologists. Before MRI can be introduced for suspected acute appendicitis in the general population, the accuracy and reproducibility in detecting acute appendicitis and other urgent diagnoses for MR-non-expert radiologists need further investigation. The diagnostic accuracy of MR-non-experts would be suitable for clinical practice if it would match at least the sensitivity and specificity of abdominal CT. A meta-analysis on the performance of CT in acute appendicitis has reported a summary sensitivity of 91% at a specificity of 90% [14] .
The purpose of this study was to make a comparison of the sensitivity and specificity and interobserver agreement between MR-experts and MR-non-experts in reading MRI for appendicitis and other urgent diagnoses. The study was based on images collected in a prospective multicenter study of adult patients with suspected appendicitis from the general population.
Materials and methods
Data were collected in a prospective multicenter diagnostic accuracy study in 230 adult patients (18 years or older) with clinically suspected acute appendicitis, presenting to the emergency department of six hospitals between March 2010 and September 2010. The local Medical Ethics Committee had approved the study protocol prior to its initiation. Written consent was obtained from all participants. The study had been peer reviewed [15] .
In summary, treating physicians in the emergency department identified and recruited eligible patients with clinically suspected appendicitis, based on medical history, physical and laboratory examination prior to imaging. For this study they excluded pregnant women (because the study protocol also included computed tomography besides MRI), patients with any contraindication for MRI and patients that needed intensive vital organ function monitoring for life-support. In two hospitals patients were included seven days a week, between 8 am and 11 pm; the other four hospitals included patients during office hours only. Consenting patients underwent an MRI scan within 2 h, but were managed based on ultrasound (US) and, in case of negative or inconclusive US results, computed tomography (CT) findings, according to the Dutch guideline on diagnosis and treatment of acute appendicitis [16] .
Imaging protocol
All MRI's were performed at a 1.5T scanner (MAGNETOM Avanto 1.5T MRI, Siemens Medical Systems, Forchheim, Germany or Intera 1.5T MRI, Philips Medical Systems, Best, The Netherlands) within 2 h of the patients' admission to the emergency department. Within 2 h we performed a 15-min MRI protocol comprising RARE (rapid acquisition and relaxation enhancement), SPAIR RARE (spectral selection attenuated inversion recovery), and DWI (diffusion weighted imaging), without contrast medium or bowel relaxant. The expected abnormalities in patients with suspected appendicitis are the presence or absence of bowel wall thickening and edema, fluid in and out of the intestine or appendix and pus in the abdomen. Therefore we focused on T2-weighted sequences, where both the anatomy and pathology can be judged; with and without fat saturation. To avoid artifacts caused by peristalsis and respiration we chose fast 'breathhold' single shot sequences in coronal and axial direction.
Recent studies showed that diffusion weighted imaging (DWI) increases the conspicuity of the inflamed appendix and can be helpful in diagnosing appendicitis [17, 18] . Inflammation and pus have impaired diffusion, making it easier to locate defects. The diffusion weighted images were acquired without respiratory arrest in coronal and axial direction. MRI was not used for patient management. The MRI parameters were established in a pilot study in one of the participating institutions (unpublished data). Details of our MRI protocol are listed in Table 1 .
MRI interpretation
All MRI scans were evaluated in three independent readings; twofold in the MR-non-expert readings, which were performed by two out of a group of eight radiologists, and additionally in an MRexpert reading, performed by two MR-experienced radiologists in consensus.
Eight radiologists from five different institutions participated in the MR-non-expert reading. In general the MRI's were read first by a MR-non-expert radiologist in the hospital where the scan was performed, and additionally by another MR-non-expert radiologist, in another hospital. The MR-non-expert group consisted of board certified radiologists that had an average radiological experience of 15 years (range, 7-25 years); all had evaluated more than 1000 CT for acute abdominal conditions. Their MRI-experience was over 1000 for examinations other than abdominal MRI. However, they had little or no experience with the evaluation of abdominal MRI (less than 100 examinations). Prior to study initiation, all MR-nonexpert radiologists had received training in reading MRI for acute appendicitis, based on a set of 100 cases with direct feedback [18] . RARE -rapid acquisition and relaxation enhancement; SPAIR -spectral selection attenuated inversion recovery; and DWI -diffusion weighted imaging.
MR-expert reading was performed by two radiologists in consensus. Both MR-expert readers had a substantially larger experience in abdominal MRI than the MR-non-experts (BW, 16 years of experience, LC 14 years of experience; more than 500 examinations each).
All readers (experts and non-experts) had access to structured clinical information on history, physical and laboratory examination, but they were blinded from US and CT findings, from each other's readings, and follow-up. Readers studied the images on a picture archiving and communication system station, and recorded radiological findings in an online case record form. For each case the MR readers had to mark the images as positive, negative or inconclusive for acute appendicitis. In case of a negative or inconclusive diagnosis for acute appendicitis, the reader could select from a list of alternative diagnoses, collected in a previous study on acute abdominal pain [19] .
Clinical reference standard
For each case a final diagnosis was assigned by an expert panel, consisting of two surgeons and one radiologist. Urgent diagnoses were defined as conditions needing treatment within 24 h and definitions were established in a previous study on acute abdominal pain [19, 20] . Each panel member individually assigned a diagnosis from the same list of diagnoses as used by the radiologist based on clinical information, imaging findings (except MRI findings), surgery, pathology, and three months follow up. If patients had not undergone surgery or referral to a hospital department, the family practitioner was contacted. Disagreements between panel members were resolved during consensus meetings. Members of the expert panel had not been involved in the examination or management of the evaluated cases.
Statistical analysis
We calculated the diagnostic accuracy of MRI by comparing the findings of the MR-non-expert radiologists and MR-expert reading to the final diagnosis. To correct for repeated measurements within the MR-non-expert radiologists we used a generalized estimating equations (GEE) approach. A logit link function was used, with an independent working correction matrix. Average sensitivity and specificity estimates, with corresponding 95% confidence intervals, were obtained by antilogit transformation of the estimated logit sensitivity, logit specificity and the standard errors of the GEE models. Predictive values were calculated including 95% confidence intervals. Estimates of diagnostic accuracy were calculated for acute appendicitis and for all urgent diagnoses separately. For appendicitis, inconclusive test results were treated as negative in all calculations. Urgent diagnoses were only considered as a true positive if the diagnosis exactly matched the final diagnosis, as assigned by the expert panel.
Sensitivity and specificity estimates were plotted in receiver operator characteristic (ROC) space. Differences between MR-nonexpert readings and MR-expert reading were tested for significance with the paired z-test statistic on the logit parameters. The estimates of diagnostic accuracy of the MR-non-experts were compared to the diagnostic performance of CT. We considered diagnostic accuracy of MRI to be sufficient if it at least matched the accuracy of CT (sensitivity of 91% at a specificity of 90% [14] ).
We anticipated that we would need to include 230 patients to calculate estimates of sensitivity and specificity of MRI for acute appendicitis with a 95% confidence interval not exceeding 10% in width at an anticipated sensitivity of 90% [15] .
Interobserver variability between the two MR-non-expert readings and the MR-expert reading was expressed in percentage observed agreement and by calculating Cohen's kappa (Ä), both agreement, Ä = 0.61-0.80 good agreement, Ä = 0.81-1.00 excellent agreement. All analyses were performed using SPSS 18.0 (SPSS Inc., Chicago, USA).
Results
In 7 patients (3%) the MRI could not be performed due to claustrophobia or unexpected technical failure. The median age of the remaining 223 participants was 35 years (inter quartile range 24-49); 41% were men. After completion of the imaging protocol 128 patients underwent surgery, with 77 open and 51 laparoscopic procedures. In five of these patients no appendectomy was performed after visualization of a non-inflamed appendix during laparoscopy. 330 Patients could not be included because they presented after office hours.
The expert panel identified 147 patients (66%) with urgent diagnoses, of which 117 patients with acute appendicitis (52%, Figs. 1 and 2 ), 12 with acute diverticulitis (Fig. 3) , seven with acute gynecological disorders, seven with acute urological disorders, three with bowel obstruction and one with pneumonia. All diagnoses are listed in Table 2 .
Reader accuracy and agreement for acute appendicitis
Findings of the MR-non-expert and MR-expert reading are summarized in Appendix A. The accuracy results for acute appendicitis and all urgent diagnoses are plotted in ROC-space in Fig. 4 . The diagnostic accuracy of MR-non-expert radiologists in detecting acute appendicitis was significantly lower than for experts; the estimated sensitivity of the MR-non-experts was 0. In 398 out of the 446 readings (89%) the MR-non-expert radiologists agreed with the experts on acute appendicitis; with a kappa of 0.78 (95% CI: 0.73 and 0.84). In 99 of the 117 MRI scans positive for appendicitis (85%) the findings of both MR-non-expert readings were concordant with the MR-expert reading. In 15 scans (13%) one of the MR-non-expert radiologists disagreed, and in three scans (3%) both MR-non-expert radiologists disagreed with MR-expert reading. In 82 of 106 appendicitis negative scans (77%) findings of all readings were concordant. In 21 scans (20%) one of the MRnon-expert radiologists disagreed and in three scans (3%) both MR-non-expert radiologists disagreed with the MR-expert reading.
Reader accuracy and agreement for urgent diagnoses
Sensitivity for all urgent diagnoses in MR-expert reading was 0.95 (95% CI: 0.90-0.98). This was significantly higher than the sensitivity of the MR-non-expert readings for urgent diagnoses: 0.84 (95% CI: 0.78-0.88, p < 0.001). Estimates of sensitivity for urgent diagnoses other than acute appendicitis in MR-expert reading were 1.00 (95% CI: 0.76-1.00) for acute diverticulitis, 0.71 (95% CI: 0.36-0.92) for urgent gynecological disorders, 1.00 (95% CI: 0.65-1.00) for urinary tract disorders and 1.00 (95% CI: for 0.44-1.00) for bowel obstruction. MR-expert reading had a specificity of 0.82 (95% CI: 0.71-0.89) versus 0.71 (95% CI: 0.62-0.79, p = 0.03) in the MR-non-expert readings. The observed agreement between MR-non-expert radiologists and the MR-expert reading 
Discussion
In this multireader study, based on prospectively collected data, MRI read by MR-non-expert radiologists had a sufficient sensitivity for appendicitis in patients with suspected acute appendicitis, but diagnostic accuracy was lower than with MR-expert reading. There was good agreement between MR-non-expert radiologists and MR-expert reading of MRI in patients suspected for acute appendicitis.
A number of potential limitations of this study must be addressed. MR-non-expert radiologists and MR-expert readers were aware that their findings were not used for clinical decision making. Therefore, accuracy results may not fully reflect actual clinical practice. The standardized case record form on which radiologists had to assign a diagnosis also differs from clinical practice, where non-structured reporting is often used. This in itself may have increased observer agreement.
This study was powered to estimate the diagnostic accuracy of MRI for detecting acute appendicitis with sufficient precision, and estimating accuracy for urgent diagnoses was a secondary aim. As the number of urgent diagnoses other than appendicitis was limited in our study group, we could not obtain precise estimates of MR sensitivity for all urgent diagnoses.
The two MR-non-expert readings were performed by a group of eight radiologists from different hospitals. They had been trained each with 100 abdominal MRI's of patients suspected for acute appendicitis prior to this study. We believe that our data give a representative estimate of the agreement between MR-expert reading, with an optimal level of accuracy, and MRI reading in a clinical setting by several on-call radiologists from different institutions. We did not select novice readers, since we believe that most radiologists in daily practice will have some experience with abdominal MRI, and are therefore not completely inexperienced. Readers will probably improve their sensitivity and specificity if provided with more training cases [18] .
In most hospitals, the operational availability of MRI within and outside office hours is still insufficient to adopt MRI in the diagnostic work-up of (selected) patients with clinically suspected appendicitis. In the past, abdominal MRI has been associated with long examination times, which would make this modality unattractive for patients with suspected acute appendicitis. Currently, the examination time has been shortened substantially by the introduction of ultra-fast sequences, resulting in fewer motion artifacts and reducing the acquisition time to approximately 15 min. With limited requirements for room time, the availability of MRI for evaluating acute conditions can be expanded to include acute appendicitis, as is already possible in the institutions participating in this study. MRI availability has increased over the years and will most likely gain more ground in the emergency setting. For a successful introduction of MRI in patients with suspected acute appendicitis in the emergency setting it is required that these examinations can be read not only by MR-experts, but also by radiologists with more limited experience. Because patients with suspected acute appendicitis present in the emergency department all day round, MR-expert reading is not always available. In this study, MR-non-expert readers reached good agreement with MRexpert reading for acute appendicitis (kappa 0.78) and other urgent diagnoses (kappa 0.63) in MRI. In comparison, varying kappa values have been reported for interobserver agreement of CT between readers of different levels of expertise in patients with suspected appendicitis; good interobserver agreement (kappa's of 0.57 and 0.76) was reported between a radiology resident, an on-call staff radiologist, and an expert abdominal radiologist in a study with 103 CT scans [22] . Another study reported excellent interobserver agreement (kappa's of 0.73 and 0.91) of CT for acute appendicitis between two expert radiologists and a relatively inexperienced radiologist in a cohort of 200 patients [23] .
Our results show a sensitivity of MRI in MR-non-expert radiologists for acute appendicitis of 89% (95% CI: 84-93%), which is comparable to the summary estimate of 91% (95% CI: 84-95%, p = 0.55) for the sensitivity of CT reported in a meta-analysis [14] . MR-expert reading had a higher sensitivity for appendicitis compared to CT (97%, 91-99%, p = 0.01). Specificity of MR-non-expert radiologists for appendicitis (83%, 95% CI: 77-88%) was lower than that of CT (90%, 95% CI: 85-94%, p = 0.04); specificity of MR-experts was comparable to that of CT (93%, 87-97%, p = 0.30). The reported sensitivity of CT for urgent abdominal conditions is 89% (95% CI: 87-92%) [20] . In comparison, in this study MR-non-experts had a sensitivity of 84% (p = 0.05) and MR-experts had a sensitivity of 95% (p = 0.01) for all urgent abdominal conditions. At present CT is considered the most accurate imaging method in patients with suspected appendicitis. Because of the high accuracy for appendicitis and other urgent diagnoses guidelines recommend direct CT [8] or a strategy with conditional CT after a negative or inconclusive ultrasound in adult patients with suspected appendicitis [16] . However, this presumably high level of accuracy is based on studies performed under optimal conditions, with CT images read by experienced radiologists. With less experienced readers the sensitivity of CT for acute appendicitis is considerably lower [22] ; in a interobserver study on CT in patients with suspected appendicitis residents had a sensitivity of 81%, staff radiologists on call 88%, and the expert radiologist 95% [22] .
Although low dose CT scanners have shown good diagnostic results in recent studies on patients with suspected appendicitis [24] , these protocols do not eliminate the risks associated with radiation completely. MRI does not require ionizing radiation and is free from cancer induction. It can be safely performed in children and pregnant patients; there is no evidence of any deleterious effects. The versatility of MRI leads to approaches not available to CT (e.g. diffusion weighted imaging [17] ) that are valuable in the setting of acute abdomen. The high contrast resolution of MRI is another advantage over CT.
Overall, the results reported here affirm the potential of MRI in the evaluation of patients with suspected acute appendicitis in clinical practice. MR-non-expert radiologists had a sufficient sensitivity for appendicitis in patients with suspected acute appendicitis. Therefore, MRI seems to be a promising alternative modality for patients with suspected appendicitis, without the drawbacks of ionizing radiation or the use of potentially nephrotoxic contrast material in CT.
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